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A NEW HIGH-STABILITY AC VOLTMETER WITH 
A 10-MHz FREQUENCY RANGE AND 1% ACCURACY 

A new ac voltmeter with wide frequency coverage 

and enhanced accuracy is the first of its type 

to achieve a ground-referenced dc output. 

\j u inmkimi \TAttoN is most often 
based oil ngft i >nii epts that advance cm 
simplih moie rudimentary methods. 
Sometimes, however, an advance in 
tiiMtutiK iu.it iuii is possible because ol 
the availabilit) oJ new and improved 

i ii i nil t otnponents. 

StU Ii 1$ the i ;ise with ;i m.i jor new 

broadband ;u voltmeter developed re- 
cent!) in the -hp- Loveland labora 
lories, 'I In- new poltmetei measures 
wiili enhanced accuracy over a speci- 
Red frequency range that is more than 
double thai ol existing -hp^ sensitive 
\oJmitii as, voltmeters which them- 
selves have been generally regarded as 
the industry standard. The specified 
range o) the new voltmeter is from Mi 



Fig, L, Author Heid 
Gardner here checks 
accuracy of new -hp— 
Model 4WE AC VoJt- 
mett r uun$ special 
calibration set-up. 
Xitt voltmeter has 
/ % at <it! at v over 

ninth of its 10 Ih-JO 

MHz range, 




Mam situations requiring d< drive sig- 
ii.tls troni ;u signals are giead) sinipli- 



FREQUENCY RESPONSE 

fhe broad frequenc) response ol the 
new voltmeter is shown in Fig, 3, 
These tunes are plots of the init- 
ialise, since the instrument k a voh acterisucs tre careiuuy uesmoeti in ine meter's d< output voltage with a con- 
meter, Its specified response represents i»^*Mimt'iit specifications; Besid< -the m s1ilMI amplitude at voltage di varying 
the Ihii port inn of the pass baud rathe. **t&H, the ac output thai has been |, t -< |5K . nM at the input. Hie curve at 



hen/ (cps) to 10 megahertz (Mb v, «'^l hv ihis < apafulitv The dt nutpiii 
l his range is the more significant be- is a hfek-aetttraq nutpm ... u | its char 

acteristics are carefully described in the 



than between :i-ilB points. I ln\ Fact, 
combined with the Fad the voltmeter 
has ;t slow high-frequency lolluif be* 
yond its Rat region, gives a wide range 
indeed for mam measurement situa- 
tions i ; 1* : ig. 8), 
As to accuracy, the voltmeter t\pi- 



characteristu ni -hp- at voltmeters is 
also trw ludett 

Other new components have per- 
mitted other design advances. A field 

tiieit ti.ihsisloi ill the volniu ni hunt 
end has resulted in the combination ol 
low noise (< IS i.V) and high input 



lei t is plotted on the t nn\ entiunal 

(IB scale and shows thut the frequencj 
response <>i a typical Model 400£ Volt- 
meter is nearK Indistinguishable From 
a straight line from Ml H/ to 10 Mil/. 
However, The useful Frequency rangi 



5 measures within \% ovei thefuil tapedance (10 megohms), while metal 



MM 1/ to 10 MH/ region and is spa i 
Bed as within V t over the centra] part 
of the range. I he combination ol this 
Millfi U(Hi;u\ and the extended fre- 
quency range h the result of the u^ ol 
hot carrier* diodes 1 in the metei recti- 
fier circuit and of ihe use i>j othei solid- 
state devices in the overall circuit* 

Another major advance incorpo- 
rated in the vohmetei is a ^iouiuI- 
reierew ed tit output system, a capabit 
ii j thai has noi :.i nerall) beerj l\\- 
cluded in -Hp- sensitive-type at volt* 
meters. The d< nut put voltage i> pro* 
port tonal to the meter reading, thus 
enabling the voltmeter to In- used 
i" H/ -- M) Mlly ;u-dt convener. 



1 Hsris 0. Sorenseru "Us-pg the Hnr Cafmtf Deode a% a Df- 
teeter/' Hewlett Pick jnf Journal 



Eilm resistors in the gain^Ietermming 
circuits u ^et liei w n h othei measures 
gtVC verv fii^h overall stability. I h< 
voltmetei is stable. !<>r example, to th^ 
extent that a change in ambieni tern- 
perature frotrj 2§ c to ( typically 
anises less than >' , i f i . 1 1 » li ., in read- 
tng. The instnutuari mm ulsO he *>p- 
eratecl in ambients to +35 t; with 
little i hange in a<< uiiu s. 

\ liual new r capabiUt) worth) i>l 

mention is thai tIk^ voltmeter can be 

operated from batteries without spe- 

i ial inu<li(ti ji inn. 

Overall, the measuring range **\ th< 

instrument is fr below vn mi 

volts to 3 m 12 ranges, the most 

sensitive being 1 millivolt lull st.iir 

The efrctlttrv is hdlv solid stiu- 







Fig. 2, -hf^- Model 40QE Voltmeter has 
taut-hand metei movemeni with individ* 

unliy-ra'* 



2 • 
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Fig. 3, Typical frequent} response of new voltmeter ( monitored k with expanded vertict showing that typical dan: 

at ide output ) plotted u ith logarithmic vertical scale (teftc&r&e), lions do not e zceed \ i% within rated pmzbtmd of instrument. 
'i dB points are typically at 2 Hz and 36 MHz, Curt* at right 



extends well beyond these limits, tti-e 
3-dfi points being typicall) ai 2 M/;nnl 
\5 MHz. 

1 1 if right curve ol Fig, 3 shows the 
frequent ) response plotted on a £i ml$ 

I \ pa tided vertli a ! ■»* ale i li-i I exag 
gerates minor perturbations. 1 his plot 
shows thai the typical response within 
the rated passband ol tin- voltmeiei 
deviates onl\ Q.5% <>l reading at full 
scale, and litis is ai 8 Mi 1/. Wit It in the 
range ol 100 11/ to I MhV. the ir- 
^1 toiise deviates no more than a small 

I I ;t< I ion ol I °/ . 

STABILITY 

\ stahtitt) witiKnne plot typical oi 
the new voltmeter in shown by the 
curves in Fig, I I his Is .> graph ol the 
,1, output ol the Model Will- \ oil 
metei with a stabilized 1 \«>lr. i kl I, 
signal ;n the input. \s shown on the 
greatly expanded vertical scale here. 
ili\ in ri< nit .is li lunt tiiin ol time are ol 
i ,i i\ low order, the turn*on warm~up 
effet i itsrll causes U-^ than 0.2% erroi 
and this lusts lor onl\ a lew minuii ■> 
Following a I fi'Ptu warm-up period 
,h ifi is typi« all) h-ss than 0,02<JJ hour, 
A r\phal instrument has shown less 
than 0A% drift in three months use in 
i typical la bora tot) environment, 

I he high stability ol the new volt- 
meter is also maintained in spin ol 
line voltage changes. \ change From 
Hi 1 , low line voltage to M> 4 ( high re- 
sults in no changt in i lie d< cun j mi as 
monitored h\ ,i [-place digital volt- 
meter. 

TAUT-BAND METER 
Viiiijoi contribution to the accurac) 
ol i lie new voltmeter comes from the 
use ol an individually-calibrated, taut* 
band mi tt I . I at h meter has ;i f i ,-iin h 
kiiii iit Imi ketl scab thai i* t alibrated 
foi ilm meter movement with the -re- 
designed servo tin hi calibrator. 2 \ 

> Betn^fd M, Ofl ''-1 A -urj.:v in -hp- Meters 

SflrVq Calibrating Method*/' Hewlett Packard tour 

nil. vol, 12, Pre. I Mtf., 1961. 



meter accuracy oJ 0,25% on tin linear 
gc s< ,i]< s ordinal il} ts at hicvetl b) 
this method) approat hing the act urat > 
that otherwise can on 1) be achieved -bj 
hand calibrating, 

METER SCALES 

Fhe bash meter hue lot ihe volt- 
uii'ici is one that is < alibrated with two 
linear voltage scales and a ill* scale, as 
shown in I i ." 5a. I be two \ ullage 
■■■> ales together with range switching in 
i I $M0 sequence enable readings to be 
made on the upper two-thirds ol the 
meter for Inglust accuracy. The range 
h I - Ht' eat h equal to Mi-dll. so ih.u 
onl\ one '111 st ilt is net essary. 

\ meter Face with the AW scale on 

i\ utermosi circumleretice Ua* also 

been designed topermii greatei resold 
tion in dlt measurements Fig 5b). 

\ logarithms metet movemem rh.n 
uses .i lirir. it tlB st ^ 1 1 c ■ h.is \mn de- 
sig^iedfoi the Model 100EL Volt-metgr, 
.in instrumeni thai is otherwise iden* 
ileal to- the Model WOE, The lineal dK 
s< ;de 1 1 ii;. "^ ( is often pit -lei red b) 
communications engineers and oihei^ 
who make measurements primaril) in 
.II 1 . units I he th outpui ol this ^" l ^ 
nutei has the same linr.n response as 
(fir Motlel M hii- . , 

DC OUTPUT 

Pi i viiius sensitive type a< voltni 
have uoi had di ■ mi | »n t x pro|>orttonal 



5z 

a. a 



to metei deflection^ primarU) Imi.inm 
tin metei wns includei! in the at leed- 
b.K k path i ml was not n ground poten- 
tial. The new vohnietri uses .t metei 
t ii< li i e ih.it isolates the meter itsell 
from the I'.'eilii.n k p nh, permitting the 
derivation ol ,i <h outpui proportional 

to drilei tion ( 1 volt m.iv .it I ill A) . 

The new voltmeter m.iv tints be used 
to drive a graphii recorder directl) fpi 
long term monitoring oi a< voltages, h 
jti H i\ also serve as < low-cost a< to<h 
convertei foi use with digital volt* 
■n. ters oi ^ herever there is j need l<»t 
a di voltage proportional to a given a< 
voltage, I In «' -tod* < onverstorij as 
measured ai the dr nutpm, is accurate 
within J / t wit liin .« li equen< \ 
range -I [00 11/ to 500 kHz and within 

i over a much broadei range. 

rhc wide dynamu response oj ihe 
mw voltmeiei enables ii n^ serve ts in 
ai-iotU convertei ovei adynamic range 
ni Mi illi on ah) one setting ol the 
range switch above the :'»-inV range 

1 1 In injitit noise U'tnU to retluce llie 
uvn-tTiitt range on the I- and 3-mV 
ranges), rheerrorat 10 dB below full 
s* ale. on the l-\ rangi is typit ilK lt ,s -^ 
tfi. hi in' ; ft t feuding between l >i,m 1 1 
and W) ^H/ and ai M* dB below, i\ ^ 
typically less than /"<. The iransieni 
response ol the convertei is shown l> 

the r >^» ill<'^r.ini ul Fig. n. 

The th outpui (on the real panel i, 
when connected t« a digital voltmeter. 
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Fig. 4. typical stability of -hp- Model 4O0E/EL AC Volt met* 
shown by plot of readings taken at voltmetet di ait put while 0a urateh 
monitored sine u-nrf u applied ta input. Phi shou i that stability 
meter following f'hour 'rami up period ■'- typically better than 0,(K 

hour. Drift has hrrn less than 6.2%/ month in typical instruments. 
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Fig. ~>, Meter scale normally supplied with -ftp- Model 400K 
AC Voltmeter, with 100 divisions in high resolution upper 

Scale, is shown at tup (it). Optional Meter face (hi has 
longer (IB scale an outermost arc for higher resolution in 
(IB measurements hut retains linear voltage scales. Model 
4QQEL Logarithmic Voltmeter has logarithmic voltage seal* s 
bat dB scale is linear f as shown by meter face at fe)< 

n- ljJ; nbination of amplitude grid 

frequency. A first approximatioii to 



tvcL i Ik- reduction in amplifier gain rnc ' maximum errors thai nja) be ^ 



i^ also useful foi obtaining high resolu- 
tion readings, particular!) whew small 
i hanges in an at voltage are to U 
ttorect. 

AC OUTPUT 

The new voltmetei also has a rear 
panel ai output which enables it to 
serve as a preamplifier or Impedance 
convertej l he at output Impedance is 
50 ohms ami lull scale output voltage 
into an open cin uil is 1 50 mV nos , IQ5 
mV on the l mV range). The instru 
meni uses a buffei amplifier to couple 
tin main amplifier feedback signal to 
the output and distortion caused b) 
i liode i rossover is thus reduced h> neg- 
ligible proportions at midhand he- 
quencies, as shown in the oscillogram 
ol Fig* 7a. At higher frequencies, how- 



causes the cTOSsoyei distortion to be 
come noticeable, as shown in the oscil- 
logram of trig. 7 b, 

I i^. 8 shows the input and outpui 
waveforms oi the nev, voltmeter when 
driven by a l-MII/ square wave. 1 his 
osciHoflram Illustrates the excellent 



pet ted at any §i ale position can be had 
l>v interpolating linearis between the 
scale points shown. 

The new format shows that th< i i 
a broad frequeuc} range where meai 
uremem accuracies oi better than ]% 
of reading may be obtained with the 



transient response and good phase tiew voltmeters. As ac-to-cic converters, 
characteristics ol the meter amplifiers, 

ESTABLISHING PERFORMANCE 
SPECIFICATIONS 

Sj " i tfying the performance oi an in- 
strument that functions over both a 
wide frequent) range and a wide dv- 
tiamn range ustia.ll) requires aeveral 
rompiomises. Full specification of the 
performance lor each combination of 
measurement conditions leads to ,m 
tinwiehU Ji %t ol numbers whereas #& til the input attenuator (on tM 5-V 



the voltmeters have an accurac) 6i 
j/£%, as measured at the clr output, 
within a frequency range of miij H/ to 
500 kHz. 

CIRCUIT DESCRIPTION 
\ simplified block diagram ol the 
new voltmeters is shown in H^. 9, As 
in previous .ic voltmetei s, the signal is 
applied either direct!) to the imped- 
uh. convene! oi it is attenuated 50 






streamlined specifications general!) 
lead to an understatement ol the in- 
strument's best capabilities while re- 
ducing t In- amount ol performance 
data available ro (he usei 

I he te< hnique used to spet if) the 
■ i m ti j ol the new voltmeters « onv 
bines thiee-diniensiou d information 
Into two dimensions , m c Specifica- 
tions) . fhe hoM/nntal scale on the 



and highet ranges). h> prevent stray 
t oupling between the input attenuator 
and the othei circuits, the input atten- 
uator is separate!) shielded and is 
switched h\ reed relays. Care has been 
taken with the signal and ground paths 
ro assure high jm ui.h \ up to 300 volts 
at 10 MH/. 

The impedance con vertei includes a 
field-effeci transistor connected aa a 



Fig. 6. Typical transient response of new 
voltmeter as at -to-dr converter, monitored 
at fir ant put, aith gated JOOmV. 4Q0*Hz 
■sine wave at input. Vertical scale is 
cm; horizontal scale is 0.5s /cm, 



spet tfication charts corresponds to fre- low-noise 'source follower* thai has an 

queue) ami the vertical scale repre- effective input impedance ol lOOOmeg- 

sents signal amplitude. The numbers ohms. This is followed b> one ampli 

in each box represent th< enrol limits dei stage and an emitter-follower, all 

iii ii ma) be encountered foj that par- cndnsni in i feedback loop that 
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(a) 



(b) 



Fig. 7, AC output of new voltmeter with full scale input voltage* Tract' 
at left results from 400-Hz sine wave at voltmeter input. Trai e tut 
right, with 1-MHz sine wave at input, shou rassover dist* 



achieves an over; ill converter gnin o[ I 
and mi output impedance of 2 ohms, 
The impedance converter effective!) 
isolates switching in the post attenua- 
tor from the input c in uits. 

I he voltmeters offer wide overload 



the feedback network. Together with 

the use ol regulated power supplies, 
the feedback also assures ihe high sta- 
bility of the voltmeters. 

The in feedback signal is also Bed 
through the unit) gain buffer amplifier 



protection and quick recovery from to the AC Output connector on the 

overloads In the use ol signal damping rear panel. The buffei amplifier serves 

techniques at the input. Recover) from as an impedance ..convene] thai isolates 

ii largedc transient (600 volts) on the the feedback si^md from the output. 

I -raV range is less than 1 seconds, and Shorting the output h;is no elteit on 

recovery on other ranges is proportion- the meter reading. 



ally less. Recover \ from a< overloads is 
esse ntially instanta neous . 

I be post attenuatoi is a 600-ohm 
ladder attenuator that changes atten- 
uation in lOclB steps from to 50 dB. 



THE RECTIFIER CIRCUIT 
I he metei rettifiei circuil ineorpor 
ates several refinements which le;R! to 
greater flexibility and improved per- 
formance in the new voltmeter, To 



Willi the input and post attenuators place these refinements fti perspective, 

wot king together, the signal ranges can let us review the rectifiei i in uir com- 

U i ftanged from 3 mV full stale 10 300 utonh used in previous ai voltmeters. 

V lull scale. The l-ni\' range is ob- A simplified diagram ol the earlier 

tained by increasing the amplifier gain circuil h shown in Fig, IG^a), As the 

hv tfl dB. mows in the diagrams show, (he di- 

The amplifier drives the meter re<- odes act as switches to guide the cur- 

tilrer circuit horn which li negative rent through the meter unidireaion- 



teedhac k signal is led back to rhe am- 
plifier input to stabilize gain. With the 



ally, In contrasi with peak-reading 

voltmeters, in which the ret tifier diode 
trge amount oi the feedback designed conducts on!) during the peak portion 
into the amplifier! the overall gain of of the waveform, the diodes here each 
the amplifier IS determined primarily conduct for a full half c\tle and the 
hv the precision metal-film resistors in ballistic characteristics ol the meter 
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Typical transient response o 

meter amplifier in shoti n ?t\ dual tratv 

oscillogram of voltmeter input and output. 

Test signal is l-MHz square wave 

smooth the meter response to the cur- 
rent pulses. The meter deflection is 
tfius proportional to the average value 
of the driving waveform. 3 

1 !i> reel ifier c ire uit in the new 
400E EL voltmeters is shown in Fig. 
10(b), The meter has been replaced 
here bv a ttansistot that establishes a 
virtual short circuit across the corners 
of the bridge without allowing t urrent 
io How direct!) from corner to corner. 
The current is coupled out ol the 
bridge through the collet toi cir< uit ol 
the i ransistoi . and ba< I again through 

> a. M. Oliver, jj Sdttib Effects of Waveform on VTYW R^ad 
ings," KcWlett-Pac^Brd Journal, Vol. G, No 8, Apr,. 1955. 




Fie- 9. Block diagram of -hp- Model 40QE/EL AC Voftmetem 



Fig. 10. Conventional twerage+responding 
meter rectifier circuit is outlined in (a) 

Armies slum' current paths for both half- 
cycles of input waveform. A< a rnetet \ v 
CUit is shown in (hi. Current paths art- 
similar to fa) except that meter ru> 
brought to ground reference by means of 
transistor and isolating resistor R,, 
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i lu i metei and isolating resistor R ... 
The meter current ma\ thus be ref- 
erenced to ground, and .1 t ornnmn 
ground connection ma) be established 
between thea< inpui and tk output ol 
the voltmeter, Furthermore, the meter 
is isolated from the feedback path ^» 
that RF radiation from the metei in 
high+f requeue-) measurements is re- 
duced significant! j and there i\ tittle 
danger of a radiated feedback p:iih 
from meter to input. The instrument 
is also less susceptible to RH \\iuv 
interference that may be [jitkrcl up b) 
the meter is grounded before it can 
affect other circuits. 

Resistor R M in series with the meter 
provides the d< « mi put voltage. Since 
the metei is driven l>\ a t urreni soun e, 
any impedance— even a shun circuit — 
m ..w be connected to the output with* 
out affecting ihe metei reading. 

ENVIRONMENTAL TESTS 

] he design of the new voltmeters 
lias been proved in a series of environ- 



SPECtff CATIONS 

-hp- MODELS 4006 and 400EL 

AC VOLTMETERS 

VOLTAGE RANGE: l mV to 300 V full ^Cdie I , 

ranges in 10-dB steps. 
FREQUENCY RANGEr 10 Hz To 10 MHz 
CALIBRATION: Reads rrtis value of sine wave; 
woltage jndrcatinn proportional to absolute 
average value of applied waveform 
SCALES: Model 400E: Linear voltage scales, 
to 1 and to 3.2; dB scale, 12 tp ■ 2 dB. 
Model 400EL: Logarithmic voltage scales, 
0.25 to 1 and 0.8 to 3 2; linear dB scale, 
-10 to +2 dB 
ACCURACY i,3s of reading); See tables 

bf?low right. 
INPUT IMPEDANCE: 10 megohms shunted by 
21 pF on 1 mV fn \ V ranges and 10 meg- 
ohms shunted by 8 pF on 3 V lo 300 V 
ranges 
AC OUTPUT: 150 mV rms for full scale meter 
indication U05 mV on 1 mV range*, output 
impedance; 50 ohms, 10 Hz to 10 MH?. 
AC-DC CONVERTER OUTPUT: 1 Vdc output for 
full scale meter deflection. 

OUTPUT RESISTANCE- I 000 ohms. 
RESPONSE TIME; 1 sec lo wjthin 1% of 
final value for step change of input ac. 
AC POWER: 115 or 230 volts 10" 50 to 

1000 Hz; appro*. 5 watts. 
TEMPERATURE RANGE: to ■ bb'C r . 
EXTERNAL BATTERY OPERATION: 

Terminals provided on rear panel, positive 
and negative voltages between 35 V and 
55 V are required; current dram f/om each 
voltage is approx, 54 mA. ^External switch 
ing and on/off motirtonng should he used 
for battery operation,) 
WEIGHT: Net 6 lbs. (2,7 kg}. Shipping 9 lbs. 

1 4 kg) 
DIMENSIONS: 6 1 • ' high, &U " wide. 1 [ " deep 

(165,3 x 130.2 x 279,4 mm). 
PRICE: Model 40GE. 12S5.00j Model 400 EL. 
$295.00. 

Option: 01 M00E only) reads directly in volts 
and dB with dB scale uppermost. $10.00. 
Option: 02 <400E or 400EL) front panel rela- 
tive control. $10.00 
HO5-400E/EL: Constant input capacity <10 
megohms shunted by 22 pF}. Price on re 
'\' ■ •--'■ 

Prices fob factory 
Data subject to change without notice. 



menial tests, including such tests <^ 
temperature variations, humidity, vi- 
bration, and R1 ; K The tests have 
shown thai the Model lOOJE EL Vnlt- 
rnt-t c.-i v. ;i> ac-tcni* conveners, have an 
outpui deviation typically less th.m 
0,1% within a frequent j rang* oi LOO 
H; i <j 1 MH/. when the tempera ture is 
changed from 23" C 1 to 55°C. From 
1^5 C to C i he deviation \> less than 
0.2% on the Mii^-s hclnu j \ and ^" vs 
than S% <>n the 3-V ranges arid above: 
I here were no failures in ihe \ ibmimn 
and hmniditv resls. 

BATTERY OPERATION 

fennirials on the rear panel are < ( >u- 
nened m the injiiir ^ ol ihe voltage 
regulators in the voltmeter's interna! 
power supplies. The voltmeter may 
therefore be powered In batteries! two 
being required, capable of supplying 
&4 mA each at 35 to 55 volts. Hie volt- 
meter ma) i litis be completely heed 
from ground tmereonnects, i( ground 
loops iirt: ;i problem, Or, the vnli meter 
can be operated on batteries in the 
Beldwherea* power ma) no* be readily 
available, 

MODIFICATION OF THE BASIC DESIGN 

1m accommodate various require- 
ments in voltmeter measurements, 
inodilit arions have been designed for 



the new voltmeters. In one, a potenti- 
ometer control, concent H( with the 
ranci switch, has been added. Whe*i 
turned limn the de ten ted \hs<>i i n 
position, this control reduces the sea- 
SlttVlt) ol the meter t in tin so thai the 

operator may offset the pointer to ,i 
majoi mt'ifi division to serve as a ref- 
erence mark (while the voltmeter is 
treasuring ,i reference voltage). The 
relative gain 6i loss in a < in uii being 
measured is thus easily Interpreted 
wiih respei I to the reference voltage. 

Some applications, such t <s filiei de 
sign, require constant input capaci- 
Ltm e on all ranges. Normally, the volt- 
metei input capacitance is lower on 
the ranges above I voh (8 pY) thati it 
IS on ihe ]-V range and below (21 pF). 
I Ins arrangement is usual!) preferred 
since the input eunent at high fre- 
quencies is primarily a luwfinn ol the 
input capacitance. However, ii the 
\"lnnetei is to be used over a wide 
range tn applications in which the 
tuning ril a ctrcuii is affected by the 
voltmetei capacitance* the capacitance 
can be made constant (22 pF) on <di 
ranges. A Hl-io-l low-caj>acitance pas- 
>i\e probe is also being designed for 
instruments with this modification to 
reduce the input capacitance at the 
point of measurement. 
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DESIGN LEADERS 




Lionet Kay Damelson Retd Gardner 

Kay Damelson joined the Hewlett 
Packard Microwave Division as a test en- 
gineer in 1959 after graduating with a 
BSE£ degree at Utah State University. 
He transferred to the -hp- Loveland DC 
vision as a product design engineer in 
1963. At Loveland, Kay has been respon 
sible for the product design of the -hp- 
Models 651 A Test Oscillator, 465A Am- 
plifier, 331 A Distortion Analyzer, and the 
soon-to-be announced 427A Multifunc 
tion Meter. He is also responsible forthe 
product design of the Model 40QE/EL 
Voltmeter discussed herein, 

Reid Gardner graduated from Utah 
State University with a BSEE degree m 
1960 and subsequently worked as a con- 
sultant engineer with a power company. 
Later, he returned to Utah State as an 
instructor on the Electrical Engineering 
faculty and also attended classes work- 
ing towards an advanced degree. He also 
did summer work in industry on special 
design problems. 

Reid obtained his MSEE from Utah 
State in 1963, after which he joined the 
— hp- Loveland Division as a Develop- 
ment Engineer. His first assignment was 
doing development work on the -hp™ 
Models 331 A and 33 2A Distortion An 
alyzers. More recently, he has been 
working on broadband precision ac volt 
meters and has been the project engi 
neer for the Model 400E/EL voltmeter 
series described in this issue. 

Retd is a member of Sigma Tau and 
of the IEEE. He also served as student 
counselor for the AIEE while an instruc- 
tor at Utah State. 
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MEASUREMENT OF 

LIQUID LAYER THICKNESS 

WITH TIME DOMAIN REFLECTOMETRY 




Pig. L TDR System for liquid layer depth measurements consists oj 
standard -hp- Model 140 A/ 14 15 A Time Domain Reflector with sec- 
tion of rigid riir-dicfrctric coaxial line sen ing as probe. Slots eat in 
outer conductor of probe admit liquids which alter impedance of ro- 
axial line wherever there is a change in liquid dielectric eon stunt. 



The pi. t.sl-i.cho techniques oJ time 
domain refleeiornetry have already 
proven useful in many electrical meas- 
urements, such lis in the design and 
test of transmission line, coaxial (able, 
ami antenna systems. 1 Now. the ability 
of time domain reHeetornetry to re- 
solve electrical distance, reflection co- 
efficient, and impedance mismatch also 
shows promise of having important 
chemical applications. 

Since many liquids exhibit dielec- 
tric behavior, it is possible to identify 
a change in chemical composition l>\ 
measuring the response of a TDR ^v 
tern lo a change in dielectric constant. 
This is easily done by perforating the 
outer conductor of an air dielectric 
line and inserting the tine in the liq- 
uids to be measured, The liquids thus 
become the dielectric of the line, and 
w her eve r t here is an in t erf ace be i wee i i 
two la vers ot liquids with di I lei ing 
dielectric constants; there results an 
identifiable reflection on tht- TDR 
display, 

Av an example* the oscillogram ol 
Fig. 2 T made with the equipment set-up 
shown in Fig, I, displays the rejection 

■ "Cable Testing wit* Tir^e Domain RtflMtflinatiy, Hewlett- 
Packard Journal. Vol. IB, No 12, Aug. IS®, 
B M, Olivtf, "Tima Domain Ret tec tome try, 1 ' WcwJetC-Pieliird 

Jaunill, Vol, IS, Ntt.6. Feb,, 1364, 



resulting from the interface ot toluene 
floating on de-ionized water, Two 
"steps" are shown: one resulting from 
the reflection at the dielectric interlace 
between air and toluene, and the sec- 
ond from the interface between tolu- 
ene and water. The horizontal distance 
between the steps on the display corre- 
sponds to the thickness ol die toluene 
laser, and the depth of the steps cor- 
responds to the change in dielectric 
constant. 

The TDR technique is capable of 
measurements of liquid layer depth 
and dielectric constant with two-plat e 



Hi 

— L 



Wig. 2. Oscillogram displays response w 
IliR System to change in liquid dieh < trie 
constant. First step results from interface 
between air and toluene. Second Step is 
caused by interface between toluene and 
de-ionized mater, Horizontal sweep tali 
h ra tion is 6 cm of a ir li n e per cm of d isp lay . 
Dot corresponds to delay' dial setting. 
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Fig. 3. Reflection from interface between 

air ami industrial grade isapropanoL Di- 
< 7r< n U i onstant <>/ isaprapanol can be de* 
rived from height of step, using equation 
2 in text. Vertical calibration is OJ pferiu 

resolution (dieted nil losses, which slow 
the riseriine oi the reflected voltage 
steps, presently limit the resolution in 
liquids), 1 he wiitr measurement range 

01 the -hp- Model IM5A lime l>o- 
main Reileuoineter allows this tech* 
nifjiM to be used in a varlet) of 
situations. For instance, the "liquid 
dielectric" probe could be lengthened 
several lect to permit location o\ the 
liquid layers in a cracking tank, allow- 
ing each layer to be tapped with <er- 
lainiv. I lie depth and location oi each 
layer WCHild be indicated by the dis- 
tance between reflections on the I DR 
nio|m I DR could also detect the water 
level in a fuel storage tank, measure 
liquid levels in the presence of loam 
oi measure liquid levels al cryogenic 
temperatures. In addition. I DR could 
determine distribution gradients itt so- 
lutions or deled when certain reac- 
tions have gone to completion, the 
latiei shown by the disappearance ol 
the reflection resulting from a dieleo 
trti Interface — an otherwise difficult 
t.i^k tn perform h\ visual inspection 
when nonsoluble reagents have the 
same color. 

COMPUTING DISTANCE IN LIQUIDS 

I he -| ired ol propagal ion ol an 
elect romagnetic wave in a coaxial 

2 Let i, MoffH Humeri ReMectometer. Hewlett 
Packard jountjI. Vol, 15. No. t. Sect , 1963 

TABLE 1. 
DIELECTRIC CONSTANTS OF ALCOHOLS 



I — Propane! 


20 J 


2 — Propanol 


18.3 


Methanol 


3263 


Ethanol 


24.30 


1 — Butanol 


15.8 


2 — Butanol 


171 




V\\i 4. Reflect ion from interface of air and 
industrial grade methanol ($% iso pro- 
panol). Vertical calibration is p — Q.lfvrn. 
Height of xtep indicates higher dielectric 
constant than ixopropanol (see Fig. 3). 

cable, and hence the round-trip travel 
lime ol the voltage step in a TDR sw- 
tem P depends upon the dielectric con* 
stanr oi the dielei nit material, 

1 he -Hp- Model 1 H5A lime Ho 
main Reflect ometer is calibrated to 
read distances in both air dielectric 
and poiyeth) Icne-fillcd cables. The dis- 
tant c loan impedance discontinuity 
in any other dielectric may be com- 
puted bv use ol the formula: 

D*^L (I) 

V* 

where I) A is the distance that the meas- 
ured pulse round trip would indicate 
for an air dielectric table and e is the 
relative dielectric constant of the ac- 
tual material. The constant e can be 
found iti a chemical handbook, ii the 
substance is known. 

In Fig, 2. the horizontal stale is 6 cm 
ol coaxial line per tin of display, I he 
"shell" representing toluene is I un 

measured between the midpoints of 

the steps. The value of e for pure 
toluene is lM at room temperature and 
thus, h\ equation 1. the depth ol the 
toluene layer is 15 cm, 

UNKNOWN DIELECTRICS 

li the substance is nor known, the 
tlieki iih constant can be found by de- 
r l i mi nation ot the telle* lion i oefftt tent 
p through measurement ol the ampli- 
tude ot the reflected ^ep. The dieleo 
n ii i onstanl i* then: 



-(m 



2) 



It is lliti^ possible to identih licjuicls 
by measuring the reflection coeffic it m. 



deferring again io Fig, 2, the fust >iep 
represents the transition from air (£ 
toluene. The vertical deflection is ca*~* 
bra ted stub that 10 cm represents 
t> = 1 and, since the step downward 
Erom siii u* toluene is 2.2 1 m. v — —0.22. 
I lence, by equation 2. e = 2.4, 

T he ret hnupic is tiselul for identi- 
fying litpiids in a group if the dielectric 
constants differ significantly. However, 
as a technique for posit ivel\ identify- 
ing an unknown liquid, the method 
is limited bv the resolution available 
since the dielectrics of many liquids 

differ b\ as little as I pan in 10.001). 

TDR. however^ is useful for identi- 
fication ol liquids within a specific 
group, (he alcohols are one such 
groupj identification by physical prop 
erties being difficult because ol the 
similarities of color and smell lonun- 
atel\. dielectric constants among tlu- 
alcohols vary widely enough to permit 
good TDR resolution (see Table I), 
Fig, 3 shows the reflection at the inter- 
face of air and industrial tsopropanol. 
The vertical < alibi at ton here is 0] 
p cm, and thus p = -0.55. From this, 
e = 16. Fig. 4 is the reflection from the 
interface of air and industrial gnnU 
methanol (5% isopropanol). Here, p is 
read as — 0,60 and thus e is 22, 

— fames Br or km e ie r 
AppHi ations Ertginee] 



STRATOSPHERIC 
WARMING 

A number of readers have inquired 
about the meaning of the term 'strato- 
spheric warming/ which was listed here 
recently among the geophysical alerts In 
the hourly schedules of NBS standard 
broadcast stations WWV and WWVH,* 
Stratospheric warming is included in the 
broadcast schedule at the request of 
meteorologists, although it is not a geo- 
physical alert as such. Stratospheric 
warming usually occurs in late winter and 
is evidenced by the sudden warming of 
pockets of air from the normal —40 to 
-70 "C temperature to near 0*C at alti- 
tudes from 40,000 to 60,000 feet. The 
pockets migrate over the globe with pos 
sible effects on the weather. When such 
a pocket is detected, usually by radio- 
sonde, the Stratospheric warming 1 afert 
is included in the WWV/WWVH broad 
casts so that meteorological research 
stations may be advised of its existence, 

* "N8$ Standard Frequency and Time Broadcast Schefl- 
ul«." Hewlett Packard Jltmt, Vol 7, No 3, Nov., 1965, 



• 8 ■ 

)Copr. 1949-1998 Hewlett-Packard Co. 



